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FOREWOPD 


This  report  covers  the  period  16  December  1974  through  21 
(October  1975.  The  efforts  reported  heroin  were  sponsored  by  the 
Air  Force  Flight  Dynamics  Laboratory  (AFFDL)  under  joint  manage- 
ment and  technical  direction  of  AFFDL  and  the  Air  Force  Materials 
Laboratory  (AFML) , Wright-Patterson  Air  Force  Base,  Ohio. 


This  work  was  performed  under  Contract  F33615-73-C-3001 
“Advanced  Metallic  Air  Vehicle  Structure"  (AMAVS)  as  a part  of 
the  Advanced  Metallic  Structures,  Advanced  Development  Programs 
(AMS  ADP) , Program  Element  63211F,  Project  Number  _^§.6U(lf04. 

J.  S.  Ford  II,  Lt.  Col.,  USAF  (AFFDL/FBA) , is  the  ADP  Manager, 
with  Mr.  N.  G.  Tupper  (AFML)  serving  as  Deputy  ADP  Manager. 

Mr.  C.  R.  Waitz  (AFFDL/FBA)  is  the  Project  Engineer  for  the  AMAVS 
Program. 


Earlier  documentation  of  this  program  is  contained  in  the 
following  AFFDL-TR-XX-Y  reports : 


Phase  Reports 

Interim  Reports 

Ph  I Prel.  Design  - 73-40 

1st 

73-1 

Ph  II  Detail  Design  - 74-17 

2nd 

73-77 

Ph  III  Fabrication 

3rd 

74-98 

4 th 

75-40 

Principal  General  Dynamics  contributors  to  this  report  were; 


R.  C.  Bissell 
R.  E.  Miller 
K.  D.  Mabry 
R.  S.  Chambers 


Program  Manager 
Stress  Analysis 
Structural  Design 
Stress  Analysis 


This  work  was  performed  during  the  period  16  December  1974 
through  21  October  1975.  It  was  submitted  by  the  authors  in 
November  1975. 
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SECTION 


INTRODUCTION 


This  interim  report  summarizes  the  accomplishments  of  the 
Advanced  Metallic  Air  Vehicle  Structure  (AMAVS)  Program  from 
16  December  1974  to  21  October  1975.  This  work  is  part  of  the 
Air  Force's  Advanced  M -tallic  Structures,  Advanced  Development 
Program.  It  was  performed  under  contract  to  the  Air  Force  Flight 
Dynamics  Laboratory  (AFFDL)  by  the  Fort  Worth  Division  of  General 
Dynamics  at  Fort  Worth,  Texas. 


The  ten  months  covered  by  this  report  include  the  final  ac- 
tivities of  Phase  III  (Fabrication),  the  mating  operation  at  WPAFB, 
and  the  Phase  IV  test  support  activities  leading  to  start  of  the 
fatigue  portion  of  the  Full  Scale  Test  Program.  Also  included  is 
the  additional  material  testing  funded  under  the  "Credible  Option" 
task  and  design  activities  required  to  comply  with  the  contractual 
drawing  requirements.  Tasks  accomplished  in  Phase  III,  Fabrica- 
tion, and  during  the  mating  operation  at  WPAFB  are  reported  in 
AFFDL-XX-Y,  to  be  published,  and  included  the  following  significant 
items ; 


1.  Fabrication  of  the  "No-Box"  Box  (NBB)  configuration  of 
the  Wing  Carrythrough  Structure  (WCTS) . 


2. 


Instrumentation  of  the  WCTS  and  fit-checking  of  test  fix- 
ture parts  to  the  V-JCTS. 


3.  Mating  of  the  test  fixture  upper  structure  to  the  WCTS  at 
WPAFB. 


Installation  of  the  dummy  gear  assemblies,  positioning 
of  the  mated  upper  structure  on  the  test  fixtvire  base 
and  installation  of  the  dummy  wings. 


Fabrication  of  all  program  hardware  items,  including  the  WCTS 
and  Full  Scale  Test  fixture  parts  was  completed.  Reassembly  of 
the  test  fixture  and  mating  of  the  WCTS  to  the  upper  test  fixture 
was  accomplished  at  WPAFB.  Completion  of  the  hydraulic,  electrical/ 
electronic,  and  other  systems  to  create  an  operational  test  system 
was  accomplished  by  Structural  Test  Facility  personnel.  A base- 
line NDI  inspection  on  the  WCTS,  strain  surveys  to  verify  load 
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distribution,  reprogramming  of  control/data  systems  to  incorporate 
updated  loads  from  Rockwell  International  (RI) , and  system  check- 
out runs  were  accomplished  prior  to  start  of  the  fatigue  test  on 
21  October  1975. 

A contract  change  to  incorporate  updated  loads /spectrum  data 
from  RI  was  received  in  July,  1975.  Intent  of  this  change  was 
to  incorporate  the  updated  DVT-2  spectrvun  data  into  the  AMAVS 
program.  Ram  loads  and  fatigue  spectrum  data  were  generated  from 
the  RI  data  and  provided  to  AFFDL/FBT  for  use  in  reprogramming 
of  the  computer  programs.  A preliminary  fatigue  analysis  of  the 
WCTS  using  the  updated  data  was  accomplished.  Static  loads  data 
from  RI  will  allow  completion  of  the  additional  analyses  required, 
i.e.  stress,  fracture,  and  fatigue. 

Material  testing  funded  as  part  of  the  "Credible  Option" 
task  was  completed  except  for  certain  portions  which  were  deferred 
in  December,  1974  because  of  budgetary  constraints.  The  deferred 
testing,  comprising  mechanical  property  testing  on  EB/GTA  welded 
10  Nickel  steel  and  crack  growth  testing  on  both  6A1-4V  titanixm 
and  10  Nickel  steel,  was  reinstated  16  September  1975  and  will  be 
completed  in  early  1976. 
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SECTION  2 

TECHNICAL  DISCIPLINES  PROGRESS 


The  progress  made  by  the  technical  groups  during  the  final 
stages  of  Phase  III,  Manufactv.ring,  and  the  initial  stages  of 
Phase  IV,  Test  and  Evaluation,  it  reported  in  this  section, 

2,1  ENGlNSiKl,  ^ 

The  engineering  functions  progro=2£  for  the  period  16  Decem- 
ber 1974  to  21  October  1975  Is  detailed  below. 


2.1.1  3t‘U'..tural  Design 

Design  activities  duriag  this  reporting  period  include  the 
iiTiplementation  oc  two  scrwO.tur.al  design  changes  and  the  updating 
of  Engineering  ira’.».lngs  for  tiie  NBB  coafiguration.  The  Design 
Group  also  prov full  ti:  s Enj.- >.'.cering  support  during  (1)  the 
final  stages  <;■:  tlui  V’ing  Carrytm  ough  Structure  (WCTS)  fabrica- 
tion (2)  mating  cf  the  WCTS  to  the  upper  test  fixture  (3)  mating 
of  the  dummy  landing  gears  and  dumr..y  wings  and  (4)  full  scale 
test  system  set-up  and  check-out. 

2. 1.1.1  Design  Changes 

f 

A design  change  was  incorporated  to  provide  adequate  fasten-  I 

er  strength  the  wing  sweep  actuator  fitting  assembly.  The 
original  titanium  Hl-lok  fasteners  attaching  the  aluminum  splice 
plate  to  K i basic  support  fittings  were  replaced  with  steel  Hi- 
loks.  In  addition,  four  (4)  steel  Hi-loks  were  added  to  the 
splice  plate  of  each  assembly. 

Another  design  change  was  also  required  to  increase  fastener 
strength.  This  change  added  a total  of  seventy-two  (72)  steel 
Hi-lok  fasteners  to  the  existing  fastener  pattern  attaching  the 
f.pper  panels  to  the  Xp39  ribs. 


2 . 1 . 1 . 2 Engin^iering  Drawing  Update 

The  NBB  drawings  require  the  incorporation  of  all  outstand- 
ing Engineering  Change  Notices  (ECN)  to  reflect  the  configuration 
of  the  Wing  Carrythrough  Structure  (WCTS)  as  it  was  fabricated. 

A total  of  211  ECNs  were  outstanding  on  92  drawings  at  the  time 
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Che  WCTS  was  compleCed. 
on  54  drawings. 


To  date,  122  ECNs  have  been  incorporated 


Updating  of  the  Engineering  drawings  also  includes  the  prep~ 
aration  of  Parts  List  (PL)  for  all  27  NBB  assembly  and  installa- 
tion drawings  onto  Air  Force  forms.  Preliminary  preparation  of 
all  PLs  was  accomplished,  but  final  completion  is  dependent  on 
Che  ECN  incorporation. 


The  FSIL  configuration  consists  of  101  drawings  of  which  76 
were  completed  at  the  time  the  NBB  was  selected  for  fabrication. 
No  additional  work  has  been  accomplished  toward  completion  of  the 
25  remaining  drawings. 


2,1.2  Structural  Analysis 


2. 1.2.1  General 


During  the  reporting  period,  activities  of  Structural  Analysis 
personnel  included  the  following; 


1. 


Performed  structural  liaison  during  completion  of  WCTS 
and  simulated  fuselage  manufacture,  prefitting  of  landing 
gears  and  dummy  wings,  and  during  moving  and  installa- 
tion in  the  test  fixture  at  AFFDL's  Structural  Test 
Facility  at  WPAFB. 


2.  Performed  stress  analysis  of  structural  design  changes 
found  to  be  necessary. 


3.  Updated  additional  portions  of  the  preliminary  stress 
analysis  to  reflect  results  from  the  NBB  5 series  of 
math  models . 


4. 


Participated  further  in  planning  for  the  full  scale  test 
program  including  completion  of  estimated  and  allowable 
stress  data  at  strain  gage  points  for  the  simulated  fuse- 
lage, review  of  AFFDL  test  plans,  and  instrumentation 
coordination. 


5. 


Witnessed  a portion  of  the  full  scale  operational  check- 
out strain  survey  and  reviewed  all  strain  survey  data 
collected  by  AFFDL. 


6. 


Coordinated  loads  update  information  and  furnished  necess- 
ary information  to  affected  AFFDL  and  General  Dynamics 
sections . 
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7.  Coordinated  the  planned  usage  of  data  gathering  channels 
for  subsequent  testing. 


8.  Converted  General  Dynamics  TNI  overall  WCTS  model  to 
General  Dynamics  UGO  program  for  more  efficient  stress 
determination  during  loads  update  efforts. 


2. 1.2. 2 Design  Loads 


In  order  to  preserve  the  credible  option  concept,  current 
B-1  fatigue  test  spectrum  loads  were  furnished  formally  by 
Rockwell  International  (RI)  in  Report  NA  75-346  and  its  revisions 
for  use  in  AMAVS  fatigue  testing  and  fatigue  and  fracture  analy- 
sis. In  general,  data  was  presented  in  the  form  of  node  forces 
from  a current  RI  math  model  for  a set  of  basic  conditions.  With 
a few  exceptions,  the  basic  conditions  are  Ig  or  Alg.  A list  of 
the  basic  conditions,  grouped  according  to  wing  sweep  angle, is 
given  in  Table  2. 1.2-1.  The  maximum  and  minimum  load  sets  for 
each  fatigue  step  in  the  fatigue  test  spectrum  were  specified  as 
linear  combinations  of  the  basic  conditions.  In  addition,  the 
frequency  of  application  of  each  load  set  was  specified.  (Table 
2,1.2-11)  Supplementary  data  for  such  items  as  wing  sweeping  fric- 
tion effects  was  also  included  in  NA  75-346. 


Subsequent  to  the  receipt  of  the  fatigue  test  spectrum  data 
from  RI,  information  was  provided  on  the  B-1  analytic  spectrum 
for  AMAVS  fatigue  and  fracture  analysis.  Necessary  RI  math 
model  loads  were  furnished  as  well  as  a definition  of  the  load 
combinations  for  each  load  step.  The  analytic  spectrum  data  is 
presented  in  Table  2.1.2-III. 
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2. 1.2. 3 Analysis  of  Structural  Changes 

The  existing  titanium  Hi-Lok  pattern  attaching  the  X7223903 
aluminum  splice  plate  to  the  basic  wing  sweep  actuator  fittings 
was  found  to  be  structurally  deficient  so  a new  pattern  using 
eight  additional  steel  Hi-Loks  per  airplane  was  developed  and  ana- 
lyzed. 

It  was  also  found  that  the  fastener  patterns  at  Xp39  and 
Xf84  for  the  upper  cover  chordwise  splices  were  not  adequate  for 
the  final  math  model  loads  and  patterns  incorporating  added  and 
increased  size  fasteners  were  analyzed  tc  arrive  at  an  accepf">Me 
configuration. 

2. 1.2. 4 Strain  Survey,  Full  Scale  Test 

AFFDL  Structural  Test  Facility  personnel  first  performed  the 
test  operations  check  out  and  strain  survey  task  through  the  static 
application  of  each  of  the  fatigue  test  conditions  specified  in 
FZS-219,  Rev.  B.  This  included  loading  at  selected  increments  to 
the  following  percentages  of  limit  load  which  represented  maximums 
for  the  original  spectrvim: 


85.1%  of  AS 2000 
92.1%  of  AS5000 
60.8%  of  AS 7000 
71.3%  of  AS9000 
64.2%  of  AS 10000 


( A=  15°) 

( A = 150) 

( A - 15°) 

( A = 250) 

( A=  67. 5^; 


Taxi 


For  the  flight  conditions,  5 psig  internal  pressure  was  applied 
at  maximum  loads. 

Since  equipment  limitations  prevented  reading  and  recording 
all  strain  gage  channels  simultaneously,  the  gages  not  connected 
for  the  first  series  were  connected  and  runs  for  AS  2000  and 
AS  10000  were  repeated  since  a review  of  the  initial  data  indicated 
that  they  were  representative  conditions. 

Following  these  tests,  the  updated  fatigue  conditions  were 
reviewed  and  it  was  decided  that  Fatigue  Condition  117  should  be 
run  since  it  was  for  a 55°  sweep  angle  for  which  no  prior  data 
had  been  obtained.  Loals  were  applied  in  increments  up  to  100% 
of  the  condition  and  5 psig.  internal  pressure  was  applied. 

Finally,  the  test  was  rerun  with  the  disconnected  channels  connected. 

Computer  printouts  of  all  sensor  readings  were  received  from 
AFFDL  and  the  raw  data  was  reviewed.  It  was  found,  in  general, 
that  no  excessively  high  stresses  existed  in  the  WCTS  although 
some  were  less  than  predicted  and  some  were  greater. 


Sample  data  for  several  representative  points  is  shown  in 
Table  2,1,2-IV.  No  significant  nonlinear  behavior  was  observed. 

The  left  hand  instrumented  shear  strut  (Gage  7001)  showed  better 
agreement  with  predicted  loads  than  did  the  right  hand  strut. 

(Gage  7002).  Complete  agreement  was  not  expected  since  these 
loads  are  very  sensitive  to  upper  lug  angles  which  have  manufac- 
turii.g  variations.  In  addition,  the  right  hand  strut  attachment 
had  some  variable  looseness  for  a portion  of  the  testing. 

One  area  of  concern  was  the  lugs  where  bending  was  indicated 
by  corresponding  gages  on  upper  and  lower  surfaces.  Th.e  measured 
and  predicted  stresses  are  shown  in  Figures  2. 1.2-7  and  2.L.2-8 
for  the  upper  and  lower  lugs.  Although  bending  was  present,  it 
was  decided  that  no  tension  stresses  were  high  enough  to  indicate 
a potential  fatigue  problem. 

As  a measure  of  the  efficacy  of  the  test  fixture  in  applying 
the  fuselage  interface  loads  to  the  WCTS,  the  axial  stresses  in 
the  longerons  near  932  and  992  were  compared  with  those  predicted 
by  the  simulated  fuselage  math  model  for  corresponding  locations. 
The  comparisons  are  shown  in  Table  2,1.2-V,  P.elatively  good 
agreement  was  obtained  for  the  major  members,  particularly  since 
the  predicted  stresses  are  based  on  estimations  of  effective 
axial  area  to  supplement  the  relatively  gross  finite  element  simu- 
lation of  the  simulated  fuselage  and  adjacent  structure.  Pre- 
liminary review  of  the  data  indicates  that  shear  flows  do  not  agree 
as  well,  but  because  of  the  limited  number  of  strain  gages,  a full 
comparison  is  not  possible.  By  way  of  additional  comparison, 
ratios  of  the  predicted  simulated  fuselage  longeron  loads  to  the 
NARSAP  values  furnished  by  RI  are  included  in  the  '.able. 

It  should  be  noted  that  for  all  strain  survey  data  presented 
small  corrections  for  zero  shift  were  not  made  in  most  instances 
so  that  stresses  as  obtained  from  gages  are  preliminary  in  nature. 
In  addition,  axial  stresses  from  axial  gages  reflect  no  correction 
for  biaxial  stresses. 

As  a part  of  the  strain  survey,  deflections  of  the  fixture 
and  of  the  specimen  relative  to  the  test  fixture  were  measured. 

In  general,  the  wing  i.ip  deflections  were  greater  than  predicted. 

A full  review  of  the  data  has  not  been  made,  but  a portion  of  the 
discrepancy  appears  to  lie  in  greater  than  expected  fixture  de- 
flections which  allovred  fuselage  pitch  to  occur. 

Further  review  of  the  test  data  is  planned. 


Table  2.1.2-IV  (CONT'D.) 
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F/GURE  2.1.2 -S 

STRAIN  SURVEY  STRESSES  OF  LOWER  PIVOT  LUG 
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Full  Scale  Fatigue  Test  Updated  Ram  Loads  and  Reactions 


2. 1.2. 5 


In  generating  the  updated  ram  and  reaction  loads  from  the 
updated  RI  data,  the  basic  ?ssiamptions  and  formulas  used  in  de- 
veloping the  original  test  loads  for  FZS-219  were  retained.  How- 


ever, HP  9830  programs  were  written  to  allow  expeditious  handling 


of  the  larger  number  of  conditions  involved  and  to  provide  faster 
reaction  capability  for  revisions  received  from  RI. 


Unlike  the  previous  fatigue  spectrum,  the  ground  conditions 
included  braking  which  would  require  the  application  of  drag 
loads  at  the  landing  gear  with  fore  and  aft  loads  on  the  dummy 
wings  and  upper  test  fixture  fuselage  for  full  test  simulation. 

Since  the  drag  loads  are  critical  primarily  for  local  gear  attach 
structure,  it  was  decided  that  only  the  sweeping  moment  portion  of 
the  condition  would  be  included  for  cycling.  This  simplification 
precluded  extensive  modification  of  the  test  set  up  since  the 
sweeping  moment  portion  can  be  applied  with  the  existing  set  up. 
Consideration  is  being  given  jointly  by  General  Dynamics  and  AFFDL  to 
running  a low  load  level  static  test  to  obtain  the  incremental 
effects  of  a drag  load  for  use  in  fatigue  analysis. 


A complete  set  of  basic  condition  ram  loads  was  completed 
first  for  the  data  from  NA  75-346  and  then  for  its  revision. 

These  loads  were  then  combined  using  factors  from  Table  2,1,2-11 
to  get  the  fatigue  condition  loads  for  each  spectrum  step.  A 
partial  set  of  maximum  fatigue  conditions  was  prepared  using 
NA  75-346  data  and  a complete  set  (280)  was  developed  for  the 
most  current  revised  data  received.  Because  one  load  ram  per 
wing  can  be  chosen  somewhat  arbitrarily,  the  basic  condition  ram 
loads  and  consequently  those  for  the  fatigue  conditions  loads  were 
modified  to  avoid  exceeding  current  ram  capabilities  so  far  as 
possible.  All  loads  calculated  were  furnished  to  AFFDL  on  a pro- 
gressive basis  to  allow  closer  coordination.  Current  basic  condi- 
tion ram  loads  are  shown  in  Table  2,1.2-VI. 
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2. 1.2. 6 Fatigue  Test  Instrvmientation  and  Data  Recording 
Requirements 

Following  the  operational  checkout  strain  survey,  a reduced 
niimber  of  strain  gage  channels  was  selected  for  use  during  the 
fatigue  testing  since  equipment  limitations  prevented  the  simul- 
taneous use  of  all  channels.  The  channels  were  selected  on  the 
basis  of  results  from  the  strain  survey.  A small  number  of 
gages  were  added  in  areas  of  particular  interest. 

Prior  to  the  1975  fatigue  loads  update,  data  points  for  ob- 
taining baseline  and  comparative  data  were  defined  on  page  2-41 
of  FZS-219B.  Because  of  the  updated  spectrum,  it  was  necessary 
to  redefine  these  points.  The  first  flight  strain  survey  has 
added  significance  in  that  only  one  of  the  updated  conditions 
has  been  previously  applied  (FC  117).  The  currently  defined 
points  are  shown  in  Tables  2.1.2-VII,  -VIII,  and  -IX.  The  points 
were  chosen,  in  general,  because  they  were  at  relatively  high 
loads  for  representative  types  of  conditions  or  because  they 
occurred  during  significant  transitions. 


Table  2.1.2-VII 


Strain  Survey  Data  Cycle  For  1st  Flight  Using  "Every  100th  Flight" 
Spectrum 

All  points  are  at  100%  of  the  given  fatigue  condition  except  as 
noted  for  transition  points. 

Point  Designation  Point  Designation 

and  Data  Point  Fatigue  and  Data  Point  Fatigue 

Numbers  Condition  Numbers  Condition 


1-1 

12 

1-19 

61 

1-2 

14 

1-20 

561 

1-3 

16 

1-21 

63 

1-4 

516  to  18  * 

1-22 

563 

1-5 

18 

1-23 

88 

1-6 

18  to  518  * 

1-24 

588 

1-7 

518 

1-25 

96 

1-8 

20 

1-26 

117 

1-9 

520 

1-27 

617 

1-10 

34 

1-28 

119 

1-11 

537 

1-29 

619 

1-12 

537  to  38  * 

1-30 

122 

1-13 

38 

1-31 

127 

1-14 

39 

1-32 

637 

1-15 

539 

1-33 

148 

1-16 

549 

1-34 

150 

1-17 

51 

1-35 

166 

1-18 

560 

1-36 

169 

* These  points  are  to  be  taken  midway  between  noted  end  condi- 
tions where  each  loads  ram  has  undergone  one-half  of  its 
straight  line  load  change. 
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Table  2.1.2-VIII 


Baseline  Data  Cycle  for  5th  Flight  Using  "Every  Flight"  Spectrum 


All  points  are  at  100%  of  the  given  fatigue  condition  except  as 
noted  for  the  transition  point. 


Point  Designation 


Fatigue  Condition 


Data  Point  Number 


14 

16 

516  to  20  * 
20 
520 
34 
51 
63 
563 
88 
119 
619 
122 
150 
166 
169 


1-2 

1-3 

5-1 

1-8 

1-9 

1-10 

1-17 

1-21 

1-22 

1-23 

1-28 

1-29 

1-30 

1-34 

1-35 

1-36 


* These  points  are  to  be  taken  midway  between  noted  end  condi- 
tions where  each  loads  ram  has  undergone  one -half  of  its 
straight  line  load  change. 


Table  2.1.2-IX 


Periodic  Data  Cycle  For  160  Flight  Increments  Using  "Every  10th 
Flight"  Spectrum 


All  points  are  at  100%  of  the  given  fatigue  condition. 

Point  Designation  Fatigue  Condition  Data  Point  Number 


53 

14  ** 

1-2 

54 

20  ** 

1-8 

55 

34 

1-10 

56 

51 

1-17 

57 

63 

1-21 

58 

88  ** 

1-23 

59 

119  ** 

1-28 

60 

122 

1-30 

61 

150 

1-34 

62 

166 

1-35 

**  To  be  printed  out  in  format  shown  in  Table  7-1  (Ref.  Sec. 
7.0,  FZS-219)  for  comparison  with  data  previously  recorded 
in  1st  and  5th  test  flights.  Other  data  recorded  is  to  be 
retained  on  tape. 
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2. 1.2. 7 Stress  Determination  for  Final  Fatigue  Analysis 

Current  plans  are  to  obtain  stresses  for  fatigue  analysis 
by  loading  the  current  NBB  5 finite  element  model  with  the  up- 
dated fatigue  conditions  from  the  analytic  spectrum  (Table  2,1.2-111. 
The  model  was  changed  from  TNl  to  UGO  to  facilitate  handling  of 
the  larger  number  of  conditions  and  to  take  advantage  of  shorter 
run  times  resulting  from  the  "frontal"  approach.  UGO  is  currently 
being  used  for  F-16  structural  analysis  at  General  Dynamics. 

To  load  the  models,  panel  point  loads  must  be  determined. 

A program  was  developed  that  uses  NARSAP  data  as  input  and  pro- 
duces node  loads  that  can  be  merged  directly  with  the  current 
model  for  stress  determination.  Other  output  provides  various 
checks  on  input  data  and  intermediate  values . The  program  was 
written  for  the  HP  9830  for  development  purposes  and  then  pro- 
grammed in  FORTRAN  for  running  on  IBM  370  equipment.  The  program 
which  handles  symmetric  and  asymmetric  conditions  has  now  been 
completed  and  is  on  production.  The  GD  program  number  is  CM  7, 

It  is  operational  from  the  time  sharing  terminals  for  more  effi- 
cient turnaround. 


Subsequent  to  the  development  of  CM  7,  it  was  found  that 
the  current  RI  loads  data  presentation  is  no  longer  in  the  NARSAP 
format,  but  rather  in  more  detail  in  some  areas.  In  order  to 
take  advantage  of  CM  7,  an  HP  9830  program  was  written  which  con- 
verts the  NA  75-346  data  to  quasi  - NARSAP  form  for  input  into 
CM  7 at  the  TSO  terminals.  The  quasi-NARSAP  data  has  been  obtain- 
ed for  the  basic  conditions  which  are  combined  to  form  the  fatigue 
conditions.  Initial  CM  7 runs  were  made  and  are  being  checked  out. 

2.1.3  Fatigue  and  Fracture  Analysis 

During  the  reporting  period,  the  fatigue  analysis  for  the 
spectrum  current  at  the  time  of  WCTS  final  design  was  completed. 

The  results  were  reported  in  FZS-219,  Revision  A,  3 Feb.  1975, 
Section  2.3  (AMAVS  Full  Scale  Test  Program  Test  Plan,  Vol,  I), 
However,  for  completeness,  the  results  are  presented  in  Section 
2.1.3. 1 of  thi"  report.  Subsequent  to  this  analysis,  the  1975 
updated  test  f..,i;lgue  spectrum  became  available  as  a part  of  the 
"credible  option"  concept  and  a preliminary  fatigue  analysis  was 
made  using  the  updated  test  spectrum.  A further  discussion  and 
results  of  the  preliminary  analysis  are  presented  in  Section 
2. 1.3. 2. 


2, 1.3,1  Fatigue  Analysis  for  WCTS  Phase  II  Design  Loads 

For  each  of  the  five  mission  segments  defined  by  a single 
static  load  condition,  the  limit  wing  bending  moment  (Mx)  noted 
in  Table  2. 1.3- 1 is  used  to  relate  the  wing  bending  moments  to 
the  WCTS  internal  loads  and  stresses.  The  noted  static  condi- 
tions were  used  to  determine  the  fatigue  loads  as  a percentage 
of  design  limit  load.  Using  linear  stress /load  coefficients  for 
selected  WCTS  areas,  the  fatigue  loads  were  converted  to  a stress 
spectrum  for  each  fatigue  control  point  by  range-pair-counting 
techniques.  The  range-pair-counting  procedures  developed  by  RI 
and  described  in  their  report  TFD  72-358  ”A  Method  of  Counting 
Spectrum  Load  Cycles,"  10  March  1972  were  used  to  derive  analyti- 
cal stress  spectra.  A computer  program  was  developed  to  range- 
pair  count  the  stress  spectra  for  each  distinct  flight  type  (i.e., 
flights  1,  10,  100). 

Selection  of  the  WCTS  control  points  was  based  on  the  stress/ 
load  state  of  individual  sections  of  the  structure.  Primarily 
tensile-loaded  elements  of  the  WCTS  were  identified  as  control 
points  based  on  the  evaluation  of  finite  element  math  model 
stresses,  stress  analysis  results,  and  the  details  of  the  design 
configuration. 

Stress-state  distributions  for  the  five  fatigue  spectrum 
mission  segments  (Conditions  AS2000,  ASIOOOO,  AS5000,  AS9000  and 
AS7000;  representing  post-take-off,  TFR,  prelanding,  climb- 
cruise-refuel,  and  ground/taxi,  respectively)  were  considered  in 
the  selection  of  control  points.  Based  on  these  selection  cri- 
teria the  following  WCTS  structural  areas  were  identified  as 
fatigue  control  points ; 

o Control  Point  1,  Figure  2, 1.3-1,  X7224061  Yp992  Bhd.  Inbd. 
Panel,  Fuel  Transfer  Hole  (3  Xf29. 

o Control  Point  2,  Figure  2, 1.3-2,  X7224170  Lower 
Lug,  Pivot  Bore. 

o Control  Point  3,  Figure  2,1. 3-3,  X7224170  Lower  Plate, 

Lug;  .875  Dia.  Taper-Lok  hole, 

o Control  Point  4,  Figure  2. 1.3-4,  X7224170  Lower  Plate 
Assy.,  Aft  Oiatb'd  Cvitout,  Xp68-72,  Yp992,  ZpO. 

o Control  Point  5,  Figure  2. 1.3-5,  X7224080  Bhd.,  Yp932, 
Lower  Attach  Flange  Xp65,  Yp932,  ZpO. 


o control  Point  6.  Figure  2.1.3-6,  X7224011  Upper  Aft. 
Outboard  Longeron  Attachment. 

rai"d1;e^cfrr  The  “^/^re^S^o^rUgh^b”' 

£Ughfs«ess  s^Utr^’annCco^responding  ^hS^'f 

ftrSs  eractrun."for  each  of  the  jlx  selected  control  pornts  are 

shown  In  Tables  2.1.3-III  through  -VIII. 


Figure  2. 1.3-1  CONTROL  POINT  1,  Yp992  PHD.  INBD.  PANEL,  FUEL  TRANSFER  HOLE  (?  Xp29 


Figure  2. 1.3-2  CONTROL  POINT  2,-  LOWER  PLATE  ASSY.,  WING  PIVOT  LUG 
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Table  2.1.3-II 

SUMMARY  - WCTS  FATIGUE  DAMAGE 
PHASE  II  LOADS  & SPECTRUM 

Fatigue  Damage, ^ n/N;  1280  Flights;  S.F.  1.0;  K-j-  5.0 

Fatigue  Control  Point  No.  (Ref.  Figures  2-4  thru  2-9) 


Mission 

Segment 


Ground'  ' 0.  0.  0.  0.  0.  0. 

Post-Takeoff  0.0124  0.0015  0.0136  0.0759  0.0451  0. 

Climb,  Cruise,  Refuel  0.  0.0120  0.0003  0.0249  0.0102  0, 

Fly-up  0.  0.0445  0.0544  0.  0.0157  0. 

TFR  0.0007  0.1441  0.1997  0.0007  0.0255  0. 

Prelanding  0.0211  0.0362  0.0162  0.1084  0.0291  0. 

Ground(l)  0.  0.  0.  0.  0.  0. 

Takeoff  0.0254  0.  0.0327  0.0410  0.0635  0. 

Climb  0.  0.0163  0.  0.0098  0.0029  0. 

Preianding  0.0024  0.0404  0.0067  0.3213  0.0111  0. 

round(^)  0.  0.  0.  0.  0.  0. 

Total  Damage ,51n/N^^^  0.0620  0.2950  0.3236  0.5820  0.2031  0. 

NOTES:  (1)  The  "Ground"  mission  segments  indicate  no  fatigue  da^ge 

because  these  cycles  are  "paired  in  the  range-pair  spectra 

(Ref.  Tables  2.1.3-III  thru  2.1.3-VIII)  within  other  flight 
conditions  to  form  "ground-air-ground"  cycles.  Hence, 
damage  resulting  from  these  ground  cycles  is  included  in 
the  flight  mission  segment  damages. 

(2)  Fatigue  damages  shown  are  conservative  since  a stress  con- 
centration factor  of  5.0  was  used  for  all  points  in  the 
analysis.  The  stress  concentration  factor  of  5.0  was  used 
to  provide  a conservative  evaluation  to  establish  fatigue 
design  allowables  and  to  provide  conservatism  in  the 
development  of  the  spectrum  to  be  used  for  test.  Fatigue 
damages  based  on  calculated  K.j,'s  are  considerably  less  as 
shown  below. 


Control  Point 
Calculated  Kt 


1 

2 

3 

4 

5 

2.17 

2.30 

2.92 

3.60 

•3.31 

0.0 

0.0 

0.0028 

0.1473 

0.0274 

L'i 


Table  2.1.3-IV 

^^RESS  SI’ECTRA  TOR  NBB  COJfrKOI  ivm  NO.  7 UWIR  PUTE  1.1'C  • PIVOT  BORF 

(RFFERENfE  FiaSE  2*1«3“2) 


MISSION  I LIMIT 

SEGMENT  STRESS j 

(KSl)  1 I 

STEP  MAX 


BASIC  SPECTRIM 


1 CONDITION  STRESS  <NS1) 


RASCE-PAIR  CdtyUD  SPLCTP’.M 


CTCItS  PER  FUCHI  | 

lOoTH  lOTH  evert  | COMPO-  i 
SITE  I 


'ATUUE  00<Ai.E(*) 
iF  1 »;  1280  FLICMTS 


51.5  46  36  28  06  « 

51  5 41  73  28  06 

51  5 32  31  28.06  2 

ii  4 28.06  22.55  2 

■6  8 37  «*6  30.94  2 

16  2 33  i8  19.72  1 

.'.4  5 27.51  24.24  29 

'4.:  29  67  13  53  I 

*\.y  36.50  29.67  22 


52.09  19.39  1 

35  54  20  12 

49.25  35.76*1 


92.1  i\7 

82  9 i-13.8 


61  ?o  34,67  .01  36 

55  59  -9.65  10  37 

38 

47.81  34  67  1 39 

! i 


0 0 


50  49  29,67  I 


51.7  34  5 

59.9  51.7 

1 51.7  46  I 

1 76.8  47  9 

65.7  56.2 

67.0  33.* 


]'  5 60.8 

15  4 52  2 


34.67  I .'3  14  1 

40  17  34.67  19 


38  49  28  .V  I 48  0 

35.54  30.91  1294 


41 

' 39  88 

25  91 

42 

fTo  49 

23  14 
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(1)  CALCUIATED  S’TRESS  CON'CENTRATIO.**  FACTOR.  - 2.3 


MISSION  LIMIT 
SICMFNT  STRESS 
(KSI) 


I*OST  6A  01 

TAKE-OFF 


ClIMU,  59.48 
CRl'JSE, 

RFFL'FL 


H.Y-l'P  87  67 


TFR  87  67 


IKE-  54.63 

LANDING 


8ASIC  SPECTR’JM 


7.  CONDITION  STRESS  (KSI) 


RANCF-PAIR  COL'NTFD  SPECTRIM 


MAX 

i MIN 
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60  8 

i • 

81.5 

51.5 

1 54.47 
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51  5 

49.03 

59.3 
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1 32  97 

60  5 

1 56  8 

1 38.73 

60  9 

36.2 

38  98 
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33.55 
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11.8 

17  84 
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30  0 

23.55 
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53,22 
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26  3 
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32  4 

37.08 

45  5 

7 6 

39.8 

30.1 

16  9 

26.39 

26.9 

-4.1 

23.58 

18.4 

16.13 

61  3 

HI 

53.74 

46.4 

40.68 

30  1 

13  1 

26  39 

92  1 

51.7 

50  31  1 

82  9 

-13  8 

45  29 

’!  3 

51  7 

18.95 

11  • 

60  8 

• «1 

73  2 

46, S6 

3 

BS 

mm 

51  7 

34.5 

28.24 

59  9 

51  ' 

32  72 

•51  7 1 

46  1 

28  24 

76  8 

47  9 

41  96 

65  7 

56.2 

35  89 

(.7.0 

33,6  ' 

36  60 

60  6 

39  9 
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57  4 

43.1 

31.36 
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46  1 
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11  5 
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- 39 

15  4 

56  2 

• 52 

32 

97 

32, 

,97 

32, 

.97 

26. 

.50 

36 

36 

23. 
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28, 

.48 

18 

45 

28. 

,24 

25 

18 

26 

17 
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.70 

18 

36 

21. 

.80 

23 

55 

25 

18 

01 

.10 

2 

2 

2 

1 

29 

39  71  .1 

23.06  1 


54 

47 

49. 

.03 

49 

03 

37 

96 

37 

.96 

32, 

.97 

36, 

.73 

CYCLES  PER  PLICKT 


7 

02 

32 

9? 

7 

02 

32 

97 

26 

.5'‘ 

26, 

.50 

U 

.36 

26 

50 

7, 

.02 

28 

.48 

23 

17 

24 

92 

21 

.23 

21 

23 

11 

..6 

17 

84 

15 

.05 

15 

.05 

20 

95 

39 

71 

20, 

.95 

28. 

.41 

23, 

,06 

14 

62 

6 

66 

14 

82 

6. 

.93 

-3 

.50 

-2. 

.07 

5 

.61 

3 

07 

11 

(.8 

.39  -2  0? 

52  -1  91 


I 1 

47  47 

V 

293  293 
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KX  5.0  Kt  7 92 


.10  .0059 

.90  0485 


.01  0003 

.01 

09  .0023 
.10  0019 
on  0117 
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Table  2.1.3-VIII 

STK»SS  MKTI'A  fOK  NKH  CONTKOL  POINT  NO.  6 UPPtR  AFT  OUTBOARD  LONGERON  ATTACHMENT 

(RFURFNCP,  FIWKF  2*1*3"“6) 


I 


1 


,a 

iS 


% 


70 
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2. 1.3. 2 Fatigue  Analysis  Using  1975  Updated  Loads 

Upon  receipt  of  the  1975  updated  fatigue  loads  it  became 
necessary  to  determine  whether  fatigue  testing  using  the  updated 
loads  would  be  feasible.  Consequently,  a preliminary  fatigue 
analysis  was  run  to  determine  the  impact  of  tne  updated  loads. 

Since  stress  math  model  data  was  not  available,  the  following 
approach  was  used  to  develop  the  fatigue  stress  spectrvim.  Because 
the  spectrum  was  no  longer  defined  as  simple  percentages  of  five 
basic  conditions,  but  rather  as  linear  combinations  of  several 
basic  conditions  (See  Table  2.1.2-II),  it  was  decided  that,  in 
general,  ratios  of  Mx  (rolling  moment  at  pivot)  would  be  used  to 
estimate  stress  levels  from  existing  NBB-5  series  math  models  for 
corresponding  wing  sweep  angles,  i.e.  , cr  update  = cr  NBB-5  X 
^ updated  moments  used  are  essentially  as  shown  in 

Table  2.1.3-IX.  This  table  reflects  some  small  changes  and  correc- 
tions made  after  the  preliminary  fatigue  analysis  was  run,  but 
the  effects  on  the  fatigue  analysis  were  considered  insignificant. 
For  the  55°  conditions,  the  stresses  were  related  to  both  Mx  and 
My  using  constants  obtained  by  considering  AS  10000  (67.50)  and 
AS  9000  (25°)  simultaneously  since  no  55°  models  had  previously 
been  run.  In  addition,  the  constants  were  ac~d  for  the  67.5® 
steps  67,  68,  69,  70,  11  and  72  to  account  for  variations  of 
from  the  value  for  AS  10000  because  the  ratioed  AS  10000  stresses 
were  unrealistically  conservative  without  correction  for  the  varia- 
tions. Using  the  noted  assumptions  and  range  pair  counting  the 
test  spectrum  data,  a preliminary  damage  summary  for  the  control 
points  of  FZS-219B  was  obtained.  The  summary  is  given  in  Table 
2,1.3-X.  Although  damages  for  Kt=5.0  at  control  points  2,  3,  4, 
and  5 are  significantly  higher  than  for  the  previous  spectrum,  no 
serious  problems  are  indicated  when  actual  calculated  Kt's  are 
used,  Tt  should  be  noted  that  some  conservatism  exists  since  all 
corrections  for  were  not  made  for  the  preliminary  run  in 

order  to  expedite  the  analysis. 


i 


Preparations  are  being  made  to  perform  a complete  fatigue 
analysis  using  stresses  from  NBB5  series  models  and  the  RI  ana- 
lytic fatigue  spectrum. 

2 . 1 . 3 . 3 UP  1 Documentation  and  Implementation 


procedure  UD  1 for  computing  stress  intensity  factors  for 
fracture  analysis  was  put  on  production  and  customer  instructions 
were  compl<^ted. 
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TABLE  2.1.3-X 

SUMMARY  - PRELIMINARY  WCTS  FATIGUE  DAMAGE  ANALYSIS 
1975  LOADS  UPDATE 


MISSION  SEGMENT 


Ground 

Post -Take-Off 
Subsonic  Climb-Cruise 
Supersonic  Climb  - 
Cruise-Descent 
Refuel 

Subsonic  Cr.-  Des, 

TFR  (67.5”-.85M) 
Fly-Up 

TFR  (67.50-.85M) 

TFR  (67.50-.95M) 

TFR  (55°-.55M) 
Subsonic  Climb  - 
Cruise-Descent 
Prelanding 
Ground 

Post -Take -Off 
Subsonic  Climb 
Prelanding 
Ground 

Post-Take-Off 
Subsonic  Climb 
Pre landing 
Ground 

Damage:  ^ >)(i  (Kt«5.0) 


Calculated  Xt  2.17 

Damage:  (Calc.  Kt)  0.0 


C.P.l 

C.P.2 

C.P.3 

C.P.4 

C.P.5 

C.P.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0135 

0.0010 

0.0181 

0.0934 

0.0365 

0.0 

0.0012 

0.0518 

0.0097 

0.1028 

0.0420 

0.0 

0.0 

0.0144 

0.0?63 

0.0001 

0.0021 

0.0263 

0.0004 

0.0154 

0.0003 

0.0453 

0.0191 

0.0 

0.0162 

1 0.0552 

0.0428 

0.1494 

0.0820 

0.0 

0.0 

0.0002 

0.0007 

0.0 

0.0 

0.0 

0.0 

0.0552 

0.0672 

0.0065 

0.0243 

0.0461 

0.0  “ 

0.1588 

0.2934 

0.0 

0.0042 

0.0871 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0712 

0.0828 

0.0005 

0.0138 

0.0098 

0.0003 

0.0189 

0.0018 

0.0630 

0.0304 

0.0 

0.0085 

0.0247 

0.0034 

0.1101 

0.0071 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0002 

0.0 

0.0145 

0.0304 

0.0308 

0.0 

0.0 

0.0045 

0.0 

0.0160 

0.0057 

0.0 

0.0088  1 

0.0232 

0.0006 

0.0630 

0.0019 

0.0 

0.0 

0 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0014 

0.0030 

0.0028 

0.0 

0.0 

0.0004 

0.0 

0.0016 

0.0006 

0.0 

0.0008 

0.0023 

0.0001 

0.0065 

0.0002 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0499 

0.4972 

0.5633 

0.6916 

0.3035 

0.1693 

2.92 

.0022 


3.31 

.0207 


3.89 

.0134 


NOTES : 1 . Range  P i Lr  Counted 

2.  1280  Flights,  Scatter  Factor  = 1.0 
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2.2  TESTING 


Material  testing,  component  testing,  and  full  scale  test 
activities  during  this  reporting  period  are  described  in  this  sec- 
tion. 


2.2.x  Material  Testing 


All  material  testing  to  be  accomplished  at  Fort  Worth  was 
completed  except  for  the  Credible  Option  Tests  deferred  in  Decem- 
ber 1974.  Table  2. 2.1-1  summarizes  the  tests  completed  during  this 
report  period. 


The  deferred  tests  include  spectrum  environmental  fatigue 
crack  growth  (4) , 10  Nickel  steel  weldments  (60) , and  fracture 
mechanics  tests  regarding  holes  with  cracks  and  fasteners  installed 
(15) . Specimen  fabrication  and  testing  has  been  restuned  and  the 
scheduled  tests  are  listed  in  Table  2.2.1-II. 


Specimen  fabrication  is  required  only  from  the  10  Nickel 
steel  weldments.  The  plates  were  welded  and  inspected  prior  to 
this  report  period.  The  drawings  depicting  the  weldments  were 
revised  to  include  specimen  identification  and  to  replace  flat 
tension  specimens  with  round  specimens  for  a reduction  in  machin- 
ing cost.  These  revised  drawings  were  released  and  are  shown  in 
Figures  2. 2. 1-1  and  2. 2. 1-2.  Material  allocation  plans,  defining 
specimen  location  within  the  weldments,  were  prepared  and  released. 


There  are  (16)  notched  fatigue  specimens  (FTJ  10940-151)  at 
WPAFB  to  be  tested  to  determine  the  effect  of  spectrum  truncation 
on  the  fatigue  life  of  10  Nickel  steel.  The  required  spectra  has 
been  generated  and  supplied  to  AFFDL,  programming  h.is  been  com- 
pleted, but  testing  has  not  begun. 


Test  results  for  all  of  the  above  tests  will  be  incorporated 
into  the  Material  Property  Data  Test  Report,  FZM  6148. 


Table  2. 2.1-1 
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CREDIBLE  OPTION  MATERIAL  TEST  COMPLETED 
FROM  16  DECEMBER  1974  THRU  15  OCTOBER  1975 


MATERIAL 

TYPE  TEST 

SPECIMEN  NO. 

QTY 

10  Nickel 

Tension 

FTJ10940-1 

18 

Steel 

Compression 

FTJ10940-38 

9 

Shear 

FTJ10940-161 

6 

Bearing 

FTJ10940-62 

6 

Bearing 

FTJ10940-63 

6 

Charpy 

FTJ10940-100 

36 

Fatigue 

FTJ10940-134 

18 

Fatigue 

FTJ10940-202 

54 

Fatigue  Crack  Growth 

FTJ10940-199 

6 

Stress  Corrosion 

FTJ10940-135 

2 

Stress  Corrosion 

FTJ10940-136 

6 

Fracture  Toughness 

FTJ10940-201 

4 

Beta 

Tension 

FTJIO 940-1 

4 

Annealed 

Tension 

FTJ10940-8 

4 

6AL-4V 

Compression 

FTJ10940-38 

4 

Fracture  Toughness 

FTJ10940-138 

6 

Fracture  Toughness 

FTJ10940-139 

6 

Stress  Corrosion 

FTJ10940-135 

9 

Fatigue 

FTJ10940-133 

12 

Fatigue 

FTJIO 940 -134 

12 

Fatigue  Crack  Growth 

FTJ10940-199 

2 

TOTAL 

230 

I 
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EMGINEFRING  TEST 


T/PE  or  TFST  SPEC 
TEST  PART  N£ 
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Figure  2, 2. 1-1 
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2.2.2  Component  Tests 

All  component  tests  to  be  conducted  at  Fort  Worth  were  com- 
pleted prior  to  this  reporting  period.  Three  Credible  Option 
Fastener  Evaluation  Tests  (603FTB059)  were  tested  to  four  fatigue 
lives  at  WPAFB  with  no  failures.  A carry-on  test  program  for 
these  specimens  was  defined  and  submitted  to  the  AFFDL.  The  plan 
requires  the  induction  of  a flaw  in  one  of  the  Taper-Lok  holes  and 
application  of  an  additional  fatigue  life.  To  date  this  testing 
has  not  been  started. 

2.2.3  Full  Scale  Testing 

Full  scale  fatigue  testing  of  the  WCTS  has  begun,  and  is  in 
the  early  stages  of  the  first  fatigue  life.  The  majority  of  the 
full  scale  test  activity  was  devoted  to  the  mating  of  the  WCTS  in 
the  upper  test  fixture,  test  set-up  operations  and  conducting  the 
pre-test  strain  surveys. 

2. 2. 3.1  Mating  of  the  WCTS 

The  mating  of  the  full  scale  test  article  to  the  upper  test 
fixture  was  accomplished  by  General  Dynamics  during  the  period 
18  February  to  12  April  1975,  as  described  in  Section  3.2. 

2. 2. 3. 2 Test  Set-Up  Operations 

Completion  of  the  test  set-up  was  accomplished  by  Structural 
Test  Facility  personnel  and  included  the  following: 

o Mating  of  the  dvimmy  landing  gears  and  dummy  wings  to  the 
WCTS 

o Mating  the  upper  test  fixture  to  the  lower  fixture 

o Installation  and  check-out  of  the  load  control  system,  the 
counter-balance  system,  and  the  attitude  control  system 

o Pressurization  check  of  the  WCTS 

o Hook-up  and  check-out  of  the  hydraulic  system  and  the 
control/data  systems. 

o Conducting  Category  IV  Baseline  NDl/lnspections. 
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An  in-depth  review  of  the  Structural  Test  Program  was  conduct- 
ed on  28,  29  and  30  May  by  General  Dynamics  and  AFFDL  personnel. 

The  review  covered  all  phases  of  the  test  operation  plans  wich 
emphasis  on  the  safety  of  the  wing  carrythrough  test  structure. 

In  general,  the  Structural  Test  Facility  plans  were  quite  accep- 
table; however,  a few  changes  were  proposed  by  General  Dynamics. 

The  most  significant  changes  recommended  are  listed  below.  These 
recommendations  have  since  been  reviewed  by  Structural  Test  Facility 
personnel  and,  where  appropriate,  have  been  incorporated  into  the 
test  system. 

o Incorporate  a redundant  run/dump  solenoid  pressure  valve 
in  the  hydraulic  distribution  and  control  system 

o The  programmed  "Abort"  mode  should  be  programmed  to  re- 
turn to  zero  load  at  a rate  nearly  equal  to  the  loading 
rate 


o Record  the  fuselage  and  wing  shear,  moment,  and  torsion 
voltage  output  in  the  back-up  overload  system  on  a direct 
writing  oscillograph 

o An  Independent  dvimp  system  should  be  utilized  on  the  roll 
control  hydraulics 

o An  external  timing  marker  should  be  utilized  on  all  strip 
chart  recorders  for  coordination  of  charts 


o Collars  should  be  placed  around  rods  on  fuselage  counter- 
balance rams  to  protect  against  total  power  failure 

o An  emergency  light  source  should  be  available  for  con- 
trolled test  shut-down  in  event  of  power  failure 


o Collars  should  be  placed  on  Wl  wing  rams  to  limit  roll 
to  3^  - 4° 

0 During  removal  of  Epoxy  paint  by  grinding  for  mag  rubber 
and  dye  penetrant  inspection,  all  grinding  marks  should 
be  polished  out 


o Lubrication  of  the  wing  pivot  pin  should  be  accomplished 
under  a counter-balance  system  "active"  status. 


2. 2. 3. 3 Strain  Survey 

All  five  strain  survey  conditions  required  per  the  FZS-219B 
Test  Plan  have  been  run  plus  one  fatigue  condition  from  the  re- 
vised Rockwell  International  fatigue  spectrum,  Instrxmientation 
available  for  monitoring  these  conditions  consisted  of  558  strain 
gage  channels  (402  gages),  38  load  cells,  46  deflection  pots,  and 
one  pressure  transducer.  These  643  channels  along  with  one  pro- 
gram channel  represent  the  total  644  channels  available  to  the 
AMAVS  Program, 

The  results  of  these  surveys  have  been  reviewed  for  com- 
patibility with  the  predicted  stress  magnitude  and  distribution. 
Generally  the  test  results  had  good  correlation  with  the  pre- 
dicted values,  but  some  deviations  did  occur.  These  variations 
were  analyzed  and  it  was  concluded  that  none  represented  an  appre- 
ciable impact  on  the  fatigue  test.  Additional  evalmtion  will  be 
required  in  some  areas,  however,  prior  to  static  tests. 

Significant  bending  in  both  the  upper  and  lower  pivot  lugs 
was  observed  during  the  aft  wing  sweep  condition  (AS  10000) . 

One  strain  gage*  located  in  the  outboard  lower  corner  of  the  for- 
ward opening,  monitored  exceptionally  high  stresses  as  compared 
with  predicted  values  and  adjacent  gage  results.  An  additional 
gage*has  been  added  on  the  RH  side  in  this  same  area  and  will  be 
monitored  during  future  tests  for  comparison  with  the  LH  gage. 

2. 2. 3. 4 Full  Scale  Test  Support 

A design  engineer  was  on  site  at  the  Structural  Test  Facility 
at  Wright  Patterson  Air  Force  Base  during  the  period  18  February 
to  30  June  1975,  During  this  period,  technical  support  was  pro- 
vided the  General  Dynamics  factory  crew  during  the  mating  opera- 
tion of  the  wing  carrythrough  to  the  upper  test  fixture.  Also, 
technical  support  was  provided  to  Air  Force  Flight  Dynamics 
Laboratory  personnel  during  the  mating  of  the  dummy  landing  gears, 
the  dummy  wings,  and  the  wing  sweep  actuator. 


LH  gage  number  - 3007  SL 

RH  gage  nximber  (added)  - 3007  SR 
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SECTION  3 


FACTORY  PROGRESS 


Fabrication  and  assembly  of  the  WCTS  was  completed  during 
this  reporting  period.  The  WCTS  was  also  mated  to  the  upper 
test  fixture  at  Wright  Patterson  Air  Force  Base. 


3.1  FABRICATION  OF  THE  WCTS 

All  remaining  planned  Fort  Worth  Operations  were  completed 
prior  to  shipment  of  the  WCTS  to  WPAFB  on  14  February  1975. 

These  operations  consisted  of  the  following: 

o The  installation  of  the  upper  cover  center  panel  with 
sealant  and  fasteners.  The  holes  had  already  been 
drilled  and  reamed. 

o Drill,  ream  and  installation  of  both  upper  pivot  lugs 
Including  their  support  beams 

o Drill,  ream  and  installation  of  both  upper  cover  con- 
toured panels  including  their  support  beams 

o The  installation  of  the  upper  fairing  supports  at  Yp932 
and  Yp992  bulkheads,  and  the  upper  cover  splices  at 
Xf84  rib.  These  installations  included  hole  drilling 
and  reaming. 

o The  drilling  and  reaming  of  full  size  holes  to  interface 
with  the  forward  longerons  at  Yf932  and  the  lower  center- 
line  longeron  at  Yp992.  Undersize  index  holes  were 
drilled  in  the  aft  longeron  tabs  to  locate  the  aft 
simulated  fuselage. 

o Taper-Lok  installations  were  completed  in  the  Yp932  and 
Yf992  bulkheads. 

o The  final  Installation  of  the  aft  removable  access 
covers,  creating  formed- in-place  gaskets 

o Drill,  ream  and  final  installation  of  the  MLG  trunnion 
fittings  and  side  load  fitting 


In  addition  to  the  deferred  WCTS  assembly  items,  the  mating 
task  consisted  of  the  following: 

Forward  Fuselage 

o Assembly  and  installation  of  the  aft  section  of  the 
outboard  shear  web,  including  the  splice  to  the  WCTS 

o The  splicing  of  the  weapon's  bay  skin  to  the  WCTS 

o The  splicing  of  the  upper  and  lower  skins  to  the  WCTS 

o The  splicing  of  the  centerline  simulated  fuselage 

upper  longerons 

o The  splicing  of  the  25°longerons 

o The  splicing  of  the  weapon's  bay  longerons  to  the  WCTS 

o The  splicing  of  the  outboard  upper  and  lower  longerons 

to  the  WCTS  fittings. 

Aft  Fuselage 

o Attaching  the  upper  centerline  longeron  and  the  25® 
longeron  to  the  WCTS 

o Completing  the  assembly  of  the  603FTB205  and  603FTB206 
outboard  shear  webs,  including  splicing  to  the  WCTS 
at  XpllS  and  Xf103  respectively 

o Splicing  of  the  upper  and  lower  outboard  longerons 
to  the  WCTS.  These  splices  utilize  1-1/4  inch  taper- 
loks  and  1-3/8  inch  straight  shank  bolts, 

o Splicing  of  the  upper  and  lower  outboard  MLG  longerons 
to  the  WCTS 

o Splicing  of  the  lower  centerline  longeron  to  the  WCTS 

o Splicing  of  the  centerline  web  and  the  routing  tunnel 
webs  to  the  WCTS 

o Installation  of  the  upper  and  lower  skin  panels,  5.n- 
cluding  splicing  to  the  WCTS, 


o The  boring  and  facing  of  the  upper  and  lower  pivot  lugs 

o The  installation  of  the  lower  fairing  support  structure. 

Prior  to  drilling  of  the  longeron  interface  holes,  the  WCTS 
was  removed  from  the  assembly  fixture  to  allow  final  coordina- 
tion between  the  fixture  and  the  tooling  gage.  All  drill  plates 
on  the  assembly  fixture  were  found  to  be  within  acceptable  toler- 
ances and  no  changes  were  made. 

Several  WCTS  assembly  operations  were  deferred  to  facili- 
tate mating  with  the  forward  and  aft  upper  test  fixtures  at 
WPAFB.  These  deferred  items  are  listed  below: 

o Final  location  and  installation  of  the  forward  outboard 
longeron  interface  fittings.  Full  size  interface  holes 
were  pre-drilled  at  Fort  Worth. 

o The  assembly  and  installation  of  the  wing  sweep  actuator 
fittings.  This  operation  was  deferred  to  allow  taper 
reaming  of  the  lower  longeron  fittings, 

o Holes  and  fasteners  in  the  upper  cover  in  area  of  the 
centerline  rib  and  common  to  the  simulated  fuselage 
longeron 

o Fasteners  in  the  upper  cover  contoured  panels  at  the 
Xp39  rib,  common  to  the  upper  fairing  of  the  simulated 
fuselage 

o Taper-lok  installations  through  the  Yf932  bulkhead  and 
the  closure  rib,  and  through  the  Xpl03  stiffener  on  the 
Yp992  bulkhead 

o Miscellaneous  fastener  installations  common  to  the 
mating  structure  of  the  forward  and  aft  simulated 
fuselages . 

3.2  MATING  OF  THE  WCTS 

The  mating  of  the  WCTS  to  the  forward  and  aft  upper  test 
fixtures  was  accomplished  by  General  Dynamics  at  WPAFB  commenc- 
ing 18  Febiruary  1975.  The  major  portion  of  this  task  was  com- 
pleted on  26  March  at  which  time  most  of  the  factory  crew  re- 
turned to  Fort  Worth.  A smaller  crew,  consisting  of  four  fac- 
tory and  one  inspection  personnel,  remained  at  WPAFB  an  addition- 
al three  weeks  to  complete  the  mating  task. 
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There  were  some  mating  tasks  left  open  at  the  time  the  last 
of  the  factory  crew  returned  to  Fort  Worth.  They  were  accomplished 
>y  the  AFFDL  Structural  Test  Facility  personnel  with  the  assistance 
of  the  on-slte  General  Dynamics  Engineering  Representative.  The 
most  major  Items  left  open  were  necessary  to  facilitate  the  mat* 
ng  of  the  dximmy  landing  gears  and  to  permit  Category  IV  base- 
line Inspections.  These  included  the  installation  of  the  upper 
and  lower  aft  skin  panels.  The  ot;i<>r  tasks  left  open  were  of  a 
minor  nature  and  were  deferred  to  permit  ♦•he  remaining  factory 
crew  to  return  to  Fort  Worth  without  an  oua^Ltlonal  ^ixtenslon. 


j- 


■(r  U.  S.  GOVEfiNMtMT  PRINTtNO  OFFICE:  1976  — 657-6XIF705 


